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Abstract 

Adult leaves of 14 woody species were sampled in the campina at km 62 of the road Manaus — 
Caracarai. The lamina were classified as to their size and analysed for N, P, K, Ca, Mg and Na. 

Comparing the foliar levels of the bioelements to relevant data for other neotropical woody 
vegetation, they are much below those of forests from geochemically richer areas (Amazon várzea and 
certain other floodplains, volcanic areas) and resemble the foliar bioelement levels of terra firme vege- 
tation. 


Key words: foliar bioelements, campina, Amazon region, leaf size, tropical forest classification. 


Resumen 


Se han recolectado hojas adultas de 14 espécies lefíosas de la campina en el kilómetro 62 de la 
carretera Manaus — Caracaraí, Las láminas han sido clasificadas según su tamaño. Seguidamente se las 
han analisado para N, P, K, Ca, Mg y Na. 

Comparando los niveles foliares de bioelementos con datos relativos de otros tipos de vegetación 
leñosa neotropical, los de la campina son muy inferiores a aquellos de bosques de áreas geoquimicamente 
más ricas (area de inundación amazónica (várzea) y extra-amazónicas, áreas volcánicas). Son muy semejantes 
a los niveles foliares de bioelementos de la vegetación de tierra firme. 
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This study is dedicated to Prof. Dr. Harald Sioli to commemorate his 7 sth birthday. 
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Introduction 


Campina is a low sclerophyllous vegetation growing on ‘white sands’ (STARK 1970; 


BRAGA & BRAGA 1975; LISBOA 1975; KLINGE & MEDINA 1979; ANDERSON 1981). 


PRANCE & SCHUBART (1978) assume that campina is an old secondary vegetation occu- 
pying sites of former white sand forest. Campina is surrounded by campinarana (campina 
forest, LISBOA 1975). Campina comprises open or sun campina and closed or shade cam- 
pina. The difference between these campina types is given by the extent of patches of 

. vegetation separated by barren white sand areas and by the percentage of canopy coverage 
of the islands (ANDERSON et al. 1975). Each campina type has its own microclimatic 
characteristics (RIBEIRO & SANTOS 1975). The hydraulic conductivity of the sand is 
high (REICHARDT et al. 1975). Groundwater and streams draining campina sites are often 
of the blackwater type (KLINGE 1967; KLINGE & MEDINA 1979; BRINKMANN 1981; 
St. JOHN & ANDERSON 1982). 

In the companion paper KLINGE et al. (1983) have demonstrated that the mean 
foliar concentrations of N, P, K, Ca, Mg and Na of trees from two stands of varzea forest 
sensu PRANCE (1979) of the lower Solimóes are — also by tropical standards — relatively 
high. The mean foliar concentrations of the species from an igapó forest sensu PRANCE 
(1979) of the lower Rio Negro are much lower. The differences between varzea- and igapó 
foliage are confirmed by the results of chemical analyses of bark and wood samples from 
the same trees sampled for foliar analysis (KLINGE et al. 1984). A comparison of neo- 
tropical foliage chemistry of terra firme forests and of forest growing in floodplains (várzea) 
has revealed that the former forests in general have rather low foliar bioelement concen- 
trations (KLINGE 1984). | 

In the present paper foliar concentrations of N, P, K, Ca, Mg and Na of 14 woody 
species sampled in a campina near Manaus are presented. Their means are compared to 
other tropical forests. 


Material and Methods 


The leaves were sampled in the Campina Biological Reserve INPA/SUFRAMA at km 62 of the 
road Manaus — Caracaraí from Manaus, in the morning of October 12, 1982, 

The list of plant species of that campina comprises 45 species in 35 families (ANDERSON et al. 
1975). We sampled 14 species of which according to these authors 7 are common ones, 2 are occasional 
species, and 3 are rare ones (Table 3). Two species were not classified as to their frequency by ANDER- 
SON et al. Glycoxylon inophyllum being dominant in the campina (ANDERSON et al. 1975; LISBOA 
1975) is the only species which was not sampled in the campina proper, but in the transition from cam- 
pina to campinarana. Ten of the 14 species are included in a study of the dispersal mechanisms of cam- 
pina species (MACEDO & PRANCE 1978). 

The leaves were wrapped in paper and oven-dried at Manaus. The petioles were cut and the leaf 
blade outlines were drawn on paper, at Plón. By aid of a computer the leaf area was measured. Leaves 
were not washed or cleaned otherwise prior to chemical analysis. After grinding the powder was oven- 
dried at 105 °C. Nitrogen was estimated using the Kjeldahl technique. After ashing at 450? C the samp- 
les were treated with conc. HCl. Ca, Mg, K and Na were estimated by flame atomic absorption spectros- 
copy (Perkin-Elmer AAS 300). P was estimated colorimetrically. 
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Results and Discussion 
1. Leaf size, Specific leaf area (SLA) and Specific leaf weight (SLW) 


Six species (43 %) with leaves between 20.2 and 45 cm? in area are malia (WEBB 
1960, Table 1). Leaves of four species (29 %) measuring between 45 and "iu. cm” are 
mesophylls. Four additional species with leaves between 2.2 and 20.2 cm^ are microphylls 
(RAUNKIAER 1934). The notophyll percentage of the campina is greater than in the igapó 
forest (KLINGE et al. 1983). An elevated percentage of notophylls Was reported by BRUNIG 
(1974) for kerangas (Heath) forests in East Malaysia, also growing on low nutrient sandy soils. 
Notophylls are dominant in the bana, South Venezuela (BONGERS et al., in press; CUEVAS 
& KLINGE, in prep.), the soils being classified as Spodosols (FAO-Unesco 1971 - 1981). 
They are exposed to drought alternating with waterl ogging. 


Table 1: Mean specific leaf area (SLA) per leaf size class of 3 Amazon forests. 


Mesophylls Notophylls Microphylls Average 
? . 2 (2.2 - 20.2 cm?) 
(45 - 182.2 cm”) (20.2 - 45 cm”) 1 : 
Forest type n cm?/g CL gä.) n cm2/g (1 s.d.) n cm?/g (1 s.d.) cm^/g 
Várzea forest!) 19 124.8 (54.0)a 6 126.7 (35.0ac 4 167.5 (54.7)ac 139.7 
Igapó forest 9 93.6 (19.0)b* 8 99.0 (57.2)ab 5 98.7 (49.3)ab 97.1 
Campina2) 4 594 ( 9.2)cXX 6 57.2 ( 7.8)bXXX 4 63,2 (24.6)b* 59.9 


l)KLINGE et al. 1983 This study 


In each column, figures followed by the same letter are not statistically different (t-test, p > 0.05) 
p < 0.05* p <0.01XX p < 0.001XXX 


Acc. to MEDINA (1984) tropical plants growing in highly leached, acid soils low in 
nutrients have a leaf anatomy characterized by a coriaceous texture, thick cell walls and 
cuticules, and a compact mesophyll. Their SLA (cm?/g) is lower than the SLA of species 
growing in more favourable habitats (MEDINA & KLINGE 1983). The mean SLA of the 
campina species in the three leaf size classes is very low and even lower than in the igapó 
species growing in low nutrient quartz sand flooded for several month by the Rio Negro 
(Table 1). The differences between the leaf size classes of each forest are not significant 
statistically. MEDINA (1984) reported even lower SLA values for bana species (SOBRADO 
& MEDINA 1980). | 

- The SLW (g/m?) of evergreen species is much greater than of ee species 
(MEDINA 1984). The average SLW values in table 2 increase from 80 g/m^ in the irm. 
forest with a relatively high proportion of deciduous trees (WORBES 1983) to 175 g/m | 
in the evergreen campina. The differences between the leaf size classes of each forest again 
are not significant statistically. 
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i ee Notophylls Microphylls Average 
orest type ^ n g/m*^(1 s.d.) n g/m2 (1 s.d.) n g/m2 (1 s.d.) g/ m? 
Várzea forest 19 83.8 (27.9)a 6 84 A 
: : .1 (23.0)a 4 75.6 (22.9 
ate a 9 110.7 (21.2)b** 8 129.3 (60.5)ab 5 115,2 med b 
p 4 171.6 (27.4)c%** 6 177.9 (26. 7)bXXX 4 179.6 (73.3)b* 176.4 


qxx 


1)KLINGE et al. 1983 i 
2)This study For statistical differences see note in table 1. 


2. Foliar levels of N, P, K, Ca, Mg and Na 


2.1. Concentrations per unit dry weight 


PPS ere of N, P, K, Ca, Mg and Na of the campina species are 

able 3. Ihe species are arranged acc. to their leaf size. There i isti 

abu | ; . There is no statistical 

en difference between the means of the leaf size classes, except for Ca. The mg 
a concentration of the mesophylls is significantly higher than is the mean concentrati 

of Cain the notophylls. EE 

" Aes eani of all elements within the mesophylls is relatively low. This is shown 
r coetticient of variation. It is relatively small in the mesophylls, increases consider- 

ably among the notophylls, and is usually highest in the microphylls. 


Table 2: Mean specific leaf weight (SLW) per leaf size class of 3 Amazon forests. 
E 
P 


2.2. Content per unit leaf area 
M The foliar bioelement contents expressed as g/m? are tabulated in table 4. While 
pls no pa difference between the contents of N, P. K and Mg of the More leaf 
Classes, the Ca content of the mesophylls is signi i hi i 
| gnificantly higher than in both oth 
size classes, and the Na content of the noto is signi ed ons 
| phylls is significantly higher than th 
of the mesophylls. The coefficient of variati i : "m a 
| ylls. ation also increases from th 
cem or k | | e mesophylls towards 
Prada Increase is usually not as strong as in the absolute concentrations 
hen map the nitrogen and phosphorus contents of the campina species to those 
E T y Tor (1984) for deciduous (1.6 g N/m?, 0.12 g P/m2) and evergreen 
S (4.5 g N/m“, 0.23 g P/m^), of a dry tropical forest i i 
0.1 g P/m2) resemble the deciduous species. : Or ÓA HM ls 


2.3. N/P ratio 


High N/P ratios are indicative of a restri i 
| | cted soil phosphorus supply (MEDI 
Only four campina species present N/P ratios below 20 : 1 (Table 4). The Ea a Mia 
iiia ar me vn ratios was observed in the igapó community (KLINGE et al 1983) a 
ot the high standard deviation of the mean N/P rati i | | 
use | o of the campina species it ¡ 
not significantly different from the mean N/P ratio of the várzea forest wth apris 


284 





2.4. Foliar alkali- and alkali-earth metals 

Hydrochemical research in the Amazon region (FURCH 1976, 1984; FURCH & 
KLINGE 1978; FURCH et al. 1982; JUNK & FURCH 1980) has revealed that chemically 
poor waters present a dominance of alkali metals over the alkali-earth metals. In the 
chemically richer Solimões water, however, the ratio between both elemental groups is 
reversed. In the comparative study of foliage chemistry of inundation forests in Central 
Amazonia (KLINGE et al. 1983) corresponding differences between tree species from both 
inundation forest types were observed. 

The concentrations of alkali-earth- and alkali metals in the campina foliage, together 
with the relative contribution of these elements to their sum, are presented in table 5. A 
general dominance of the alkali- over the alkali-earth metals is observed. The ratio of both 
groups of elements, however, is only 1.1 : 1 in the mesophylls, while itis 2 : 1 in the 
notophylls and microphylls, respectively. 

There is a single species (Miconia sp.) whose foliage is dominated by Ca. 57 % of the 
species present a dominance of foliar potassium, while 36 % of the species present a domi- 
nance of foliar sodium. 

The mean concentration of foliar sodium of the campina is surprisingly high (Table 3). 
It is even 2.4 times higher than the already high foliar Na concentration of the Low bush 
savanna in Surinam (1800 ppm, STARK 1970). It is noteworthy that the foliage of the mixed 
terra firme forest at Manaus is also high in Na (1146 + 827 ppm, GOLLEY et al. 1980). 
Although extremly high the foliar Na concentration of the campina does by far not reach 
the Na concentration of halophytes (25000 - 154000 ppm, FLOWER & LAUCHLI 198 3) 
or of grasses and herbs (up to 8400 ppm, BAUMEISTER & ERNST 1978). Since it cannot 
be excluded with certainty that the campina leaves were contaminated by sweat during the 
sampling (October 12, 1982 was a very hot and sunny day) the potential impact of sweat 
was checked, We assumed two drops of sweat per each leaf. Acc. to ROMPP (1975) sweat 
usually contains over 0.5 % NaCl. Two drops of sweat (0.1 ml) containing then 0.4 mg Na 
were assumed to have contaminated each leaf sampled. The calculations, separately for the 
three leaf size classes, however, show that, if contamination by sweat occurred, it accounts 
for only a minor portion of the Na concentration of the campina leaves and cannot explain 
the observed foliar Na concentration in the order of 1000 to 18000 ppm Na (Table 3). 


3. Foliar bioelements of the campina, in comparison with other tropical forests 


Comparing the mean values of the six foliar elements of the campina vegetation to 
those of other tropical forests (Table 6), it can be expected from the outset that the varzea 
foliage or the foliage of forests growing on chemically rich soils is richer in bioelements 
than the campina. This expectation is realized by the data for the varzea forest and the 
Moist Tropical Forest of Panama (Table 6). The dry forest and partially the semideciduous 
forest, too, have also higher foliar bioelement concentrations. 

The forests listed below the campina, although differing in one or another foliar 
bioelement from the campina, are much similar to the latter and their relatively low foliar 
bioelement concentrations contrast markedly to those of the first four examples in table 6. 
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Tab. 5: Concentrations of foliar alkali-earth- and alkali metals and the proportions of Ca, Mg, K and Na. 


% 


K * Na 


ppm 


Na 


8.5 


Mg 


22.9 


Ca 
38.4 


Ca + Mg 


Ca+ Mg + K* Na 


Species 


30.2 


0.63: 1 


13720 
22830 
19870 
16700 
18280 


Miconia sp. 


38.9 14.9 
46.1 Lack 
43.8 11.6 
39.5 Do 


11.3 
15.8 
11.2 
135-3 


35.0 
23.0 
33.4 
32.3 


1.16 3 1 
138:1 
1.24 : 1 
1.14 £1 


Glycoxylon inophyllum 
Macrolobium arenarium 


Clusia sp. 


Mean 
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3938 A 
18220 
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6.9 AbXXfXX 
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16.5 ABad 


4.9 AbXXdX 
23.4 


38.4 


10.3 Aac 
16.9 


4.7 BXDa 
21.3 


16596 A 
17232 


s.d. 


£d 


1.71 


Overall mean 


s.d. 


14.4 


10.3 


6.1 


9.5 


8581 


For statistical differences see note in Table 1 


Mayuscules refer to columns, minuscules to rows 





4. Tentative classification of tropical forest based on foliar bioelements 


In search for a scale of a classification of foliar bioelement concentrations, the absolute 
ranges of foliar N, P, K, Ca, Mg and Na of Amazon inundation forests were divided in four 
equal portions. Each species was then compared to the respective four concentration classes, 
and species with a similar bioelement pattern were identified (KLINGE et al. 1983). For 
example, species with concentrations of foliar N, P, and K in both upper concentration classes, 
but with foliar Ca, Mg and Na in the lower concentration classes were classified as 'rich to 
very rich in foliar N, P, and K, and low to very low in foliar Ca, Mg and Na”. 

The next step was to compile chemical foliage data of tropical forests. The obtained 
ranges of the various foliar bioelements were considered as the respective tropical standards 
against which individual data were measured. This allowed to classify the várzea forests as 
‘relatively rich by tropical standards’ in foliar bioelements, while the igapó forest was classi- 
fied as ‘relatively poor in these elements by tropical standards’ (KLINGE et al. 1983). 

In a study of exclusively neotropical forests with a majority of examples from Amazonia 
(KLINGE 1984), two chemical groups of forest foliage were established. One group had 
significantly higher concentrations of foliar N, P, K, Ca and Mg than the other one. The group 
with lower concentrations comprised terra firme forests and also the igapo forest. The group 
with higher concentrations was composed by varzea forests and a few extra-Amazonian forests 
in Panama and western Venezuela. Both areas are geochemically richer than most of the 
Amazon region (FITTKAU 1971), the minor portion of Amazonia which is geochemically 
relatively rich, being the várzea. Comparing the foliar means of both groups to the tropical 
foliar standards subdivided in three equal sections (upper portion termed ‘rich by tropical 
standards’, middle portion accordingly as ‘medium by tropical standards’, and lower portion 
as ‘poor by tropical standards’) (Fig. 1), it is evident that even the group with higher foliar 
concentrations has mean concentrations of foliar Ca, K, Mg and P which are ‘medium by 
tropical standards’, while the group of lower concentrations is in these elements ‘poor by 
tropical standards’. The mean foliar nitrogen concentration of the group of higher concen- 
trations, however, is identified as ‘rich in foliar N, by tropical standards’, and the mean 
nitrogen concentration of the other group as ‘medium in this bioelement, by tropical 
standards’. 

In Fig. 2, the foliar concentrations of the sixteen stands (Table 6 refers) are presented 
graphically. They are compared, individually for each element, to both the levels of foliar 
concentrations of the groups of higher and lower concentrations, and to the respective 
tropical standards. While most forests including the campina are in all elements, except for 
sodium, in the lower portion of the tropical ranges, the first three forests of table 6 fall in 
the middle portion in the cases of foliar Ca, K and Mg. The foliar N concentration of the 
varzea forests falls in the upper portion of the tropical range and is accompanied by the 
foliar N concentration of the Brazilian podzol vegetation (no. 15, Table 6). The Tall Caatinga 
and the Low bush savanna have foliar Mg concentrations classified as ‘medium by tropical 
standards’ while they are classified as ‘poor by tropical standards’ in the remaining foliar 
elements. There are also some additional exceptions from the general rule which are not 
mentioned specifically. 
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Fig. 2: 
Mean foliar concentrations of N, P, K, Ca, Mg and Na of 16 tropical forests identified in table 6, in 


comparison with both the respective tropical ranges subdivided in three equal portions (upper or 


“rich”, middle or ‘medium’, lower or ‘poor’), and ‘high’ and ‘low’ mean foliar concentration of neo- 
tropical forests (see Fig. 1). 
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Final remarks 


Oligotrophic bleached quartz sands whether or not classified as Spodosols are 
widespread in the humid tropics of particularly South America and Southeast Asia (KLINGE 
1968). The Rio Negro basin in northern South America is one of the centres of distribution 
of these soils (KLINGE 1966). 

One pecularity of these soils is that they carry a vegetation which regarding floristics 
and structure differs strikingly from the surrounding forest on heavier textured soils (SPRUCE 
1908; DUCKE & BLACK 1953; STEENIS 1935; RICHARDS 1954; BRUNIG 1974). This 
curious vegetation is intimately related to the ‘heath’ vegetation (SPECHT 1979). 

SIOLI (1954) assumed that the peculiar vegetation of bleached quartz sands is the 
cause of humic-stained streams of the blackwater-type. Not being a terrestrial ecologist he 
invited me 25 years ago to join the group of scientists he had gathered in the Max-Planck- 
Institut at Plón, in order to develop research about the vinculation of land and water, 
specifically the Amazon blackwaters and their terrestrial environment in which these waters 
were assumed to rise. Being very grateful for this unique opportunity this paper is dedicated 
to Harald Sioli at the occasion of his 75th birthday. 
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